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SUMMARY OF THE INVENTION

Under such circumstances, the present inventors
have made extensive investigations, aiming at construc-

5 tion of recombinant vaccinia viruses capable of express-
ing Japanese encephalitis virus E-protein. As a result, it
has been found that by selecting a region encoding
E-protein from cDNAs constructed using genome
RNA of Japanese encephalitis virus as a template, im-
parting a translation initiation codon and a translation
termination codon to after and before the region, ligat-

1

RECOMBINANT VACCINIA VIRUS EXPRESSING
E-PROTEIN OF JAPANESE ENCEPHALITIS
VIRUS

FIELD OF THE INVENTION AND RELATED
ART STATEMENT

I. Field of the Invention |
The present invention relates to a recombinant vac- g
cinia virus and more particularly, to a recombinant

vaccima virus in which cDNA coding for surface anti-
-gen protein of J apanese encephalitis virus is inserted in
a genome DNA region non-essennal to growth of a
vaccinia virus.

2. Discussion of Prior Art

As a vaccine against Japanese encephalitis, there has
been hitherto used a vaccine containing an inactivated
Japanese encephalitis virus as an effective ingredient. A
Japanese encephalitis virus strain of Nakayama Health
Institute is inoculated in the brain of normal mice and
the brain is aseptically collected from mice suffering
from Japanese encephalitis, purified by an alcohol-
protamine method and inactivated to obtain an undi-
luted solution of Japanese encephalitis virus vaccine
[“Japanese Vaccine” edited by National Institute of
Health, revised second edition (published by Maruzen
Publishing Co., Ltd., on Jan. 20, 1977)]. This inactivated
vaccine encounters shortcomings that a relatively long
period of time is required for immunization and a dura-
tion period for the immunity is short although its safety
1s high.

An attempt has also been made to express a surface
antigen protein (hereafter sometimes referred to as E-
protein) of Yapanese encephalitis virus by genetic ma-
nipulation using yeast as a host (Preliminary Agenda for
the 34th Meeting of the Japanese Virological Society,
page 91, October in 1986) but there is no successful
example for production of E-protein in substance. Even
if the production were successful, E-protein could not
be a live vaccine expected to have immune duration
over a long period of time.

In recent years, there has been developed a method
for constructing a recombinant vaccinia virus inserted
heterogenous DNA therein and there has been pro-

posed a method using, as live vaccine, a recombinant
vaccinia virus constructed by insertion of, for example,
DNA coding for infectious disease pathogen antigen as

heterogenous DNA (for example, Japanese Patent Ap-
plication KOKAI (Laid-Open) No. 129971/83, Japa-

nese Patent Application KOHYO (Disclosure) No.

500518/85, Patent Application KOHYO (Disclosure)
No. 501957/86, etc.).

However, Japanese encephalitis virus belonging to
the family Togavirus, the genus Flavivirus has single
strand RNA as a genome (body bearing genetic infor-
mation of virus) and is characterized in that a single
polypeptide monocistronically translated from a ge-
nome in virus-infected cells is processed (which is used
- to mean that a single polypeptide 1s cleaved by protease
in cells to form each protein) into a core protein, a
matrix protein, E-protein and 5 non-constituent prote-
ins. Therefore, it is difficult in manipulation to insert
E-protein-coding cDNA infto a vaccinia virus and ex-
press the same. Therefore, there is no report on the
expression so far.
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ing with a promoter of vaccinia virus and inserting the
same into a genome DNA region non-essential to
growth of the vaccinia virus, a recombinant vaccinia
virus capable of expressing Japanese encephalitis virus
E-protein in infected cells can be obtained. Thus, the
present invention has been accomplished.

According to the present invention, there is provided
a recombinant vaccinia virus having inserted cDNA
coding for Japanese encephalitis virus E-protein into a
genome DNA region non-essential to growth of the
vaccinia virus, preferably together with DNA having a
promoter function and a translation initiation codon and
a translation termination codon artificially added, in a
manner capable of allowing expression of the desired
protein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 indicates procedures for cloning cDNA of
Japanese encephalitis virus. FIG. 2 shows positional
relationship in restriction enzyme site of cDNA. FIG. 3
shows a base sequence and amino acid sequence of
cDNA containing a region coding for E-protein. FIG. 4 -
shows procedures for constructing recombinant plas-
mid pAKJ4 containing E-protein-coding cDNA.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The wvirus used for constructing the recombinant
virus in the present invention may be any virus classi-
fied into a vaccinia virus. Examples of such a virus
include WR strain (Journal of Virology, 49, 857 (1984),
Lister strain, temperature-sensitive mutant of Lister
strain (cf., U.S. Pat. No. 4,567,147 and Japanese Patent
Application KOKAI (Laid-Open) No. 44178/87), New
York Board of Health strain, smallpox vaccine strains
(“Vaccinia Viruses as Vectors for Vaccine Antigens”,
pp. 87-100, edited by J. Quinnan, Amsterdam, New
York & Oxford, Elsevier Publlshmg Co.) such as
L.C16m8 strain and the like.

Among these viruses, preferred are those having a
pock size on the chorioallantoic membrane of an embry-
onated egg of 3 mm or less and a shut-off temperature in
rabbit kidney cells of 41° C. or lower. Specific examples
are attenuated smallpox strains, LA and LB (CNTM-I-
423) described in Japanese Patent Application KOKAI
No. 44178/87 and LC16m8 strain described above.

These strains are extremely weakly toxic. Where the
recombinant virus of the present invention is utilized as
a live vaccine, the strains are advantageous in view of
safety. |

Furthermore, cDNA coding for a surface antigen
protein of Japanese encephalitis virus can be con-
structed using, for example, the strain of Nakayama
Health Institute described above, JaOAr strain (Arbovi-

- ruses Research Institute Center, Eire University) or

Sagayama strain (same center).
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cDNA coding for E-protein constructed from, e.g.,
the aforesaid Sagayama strain is composed of 1500 base
pairs in total as shown in FIG. 3. In the present inven-

tion, cDNA may be modified cDNA (namely, cDNA in

which the base sequence is substituted, inserted or de-

leted) insofar as it has substantially the same function as
in the aforesaid cDNA. The cDNA may also be modi-
fied to such an extent that amino acid sequences are
different from each other, of course, as far as it has
substantially the same function.

In practice of the present invention, there is con-.
structed a first recombinant vector in which a DNA
region non-essential to growth of vaccinia virus has
been inserted. In this case, it is preferred to insert a
promoter functioning in vaccinia virus into the region
described above and further insert, at the downstream
of the promoter, a translation initiation codon and a
translation termination codon as well as a synthetic
linker having a suitable restriction enzyme cleavage site
between both.

The DNA region non-essential to growth as used
herein refers to any non-essential DNA region that does
not substantially affect growability of viruses, even
though the region undergoes variation due to the inser-
- tion of heterogenous DNAs, for example, thymidine
kinase (TK) gene or hemagglutinin (HA) gene of vac-
cinia virus, Hind IIlI-cleaved F-fragment, M-fragment
or N-fragment of vaccinia virus WR strain DNA (Vi-
rus, 36 (1), 23-33 (1986)), etc.

The promoter which functions in a vaccinia virus as
used herein refers to a promoter having any base se-
quence as long as it can effectively function as a pro-
moter in the transcription system possessed by a vac-
cinia virus, irrespective of synthetic or naturally occur-
ring one. Specific examples include promoters found in
a vaccinia virus described in, for example, Journal of
Virology, 662-669 (1984); specifically, a promoter of
vaccinia virus gene coding for 7.5K polypeptide, a pro-
moter of vaccima virus gene coding for 19K polypep-
tide, a promoter of vaccinia virus gene coding for 42K
polypeptide, a promoter of vaccinia virus gene coding
for thymidine kinase, a promoter of vaccinia virus gene
coding for 28K polypeptide, a promoter of vaccinia
virus gene coding for 11K polypeptide, etc.

A first recombinant vector can be constructed in a
- conventional manner; for example, after inserting a
DNA fragment non-essential to the growth of vaccinia
viruses into an appropriate vector (Japanese Patent
Application KOKAI (Laid-Open) No. 126971/83, Japa-
nese Patent Application KOHYOQO (Disclosure) No.
500518/85, Patent Application KOHYO (Disclosure)
No. 44178/817, etc.). For example, after inserting a DNA
fragment non-essential to growth of a vaccinia virus
into an appropriate vector, a promoter to which a re-
striction enzyme cleavage sequence 1s added may be
inserted, if necessary and desired, utilizing a restriction
enzyme cleavage site present in the fragment.

“Now, the protein of Japanese encephalitis virus is,
after monocistronic synthesis, processed to divide into
surface antigen proteins, etc., as described above. Ac-
cordingly, where cDNA to the whole virus genome is
inserted, there is no necessity of artificially inserting a
translation initiation codon and a translation termina-
tion codon; however, where only cDNA coding for
E-protein 1s wished to be inserted, it 1s necessary that a
translation initiation codon, a translation termination
codon and a synthetic linker having a restriction en-
zyme cleavage sequence between both be inserted, uti-
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lizing a restriction enzyme cleavage site present at the
downstream of the previously inserted promoter.

It is desired that the translation termination codon to
be inserted be provided at 3 portions with a difference
in reading frames so as to coincide therewith, even
though E-protein-coding cDNA may take any of the
reading frames.

cDNA to be inserted may be one containing genes
also coding for other additional proteins, as long as it
contains a region coding for E-protein. With respect to
the virus belonging to the genus Flavivirus, regions
coding for a matrix protein (hereafter referred to as
M-protein), a prematrix protein (hereafter referred to as
PreM-protein) and a core protein (hereafter referred to
as C-protein) are present at the upstream of the region
coding for E-protein. In the present invention, there
may also be used a virus in which all or a part of cDNASs
coding for these proteins may be linked to the E-
protein-coding cDNA at the upstream thereof.

Specific examples of the vector used include plasmids
such as pBR 322, pBR 325, pBR 327, pBR 328, pUC 7,
pUC §, pUC 9, pUC 19 and the like; phages such as A
phage, M 13 phage and the like; cosmids such as pHC 79
(Gene, 11, 291, 1980).

In the present invention, the region coding for E-
protein of Japanese encephalitis virus i1s then inserted
downstream of the promoter of a first recombinant
vector thereby to construct a second recombinant vec-
tor. The method for insertion may also be performed in
a conventional manner (e.g., cf. the patent publications

supra). For example, a cDNA fragment derived from

Japanese encephalitis virus may be inserted into the
promoter of the first vector downstream thereof, utiliz-
ing a restriction enzyme cleavage site previously pro-
vided between the artificially added translation initia-
tion codon and translation termination codon. |

Upon construction of these first and second recombi-
nant vectors, the Escherichia coli system which is easy in
genetic manipulation may be used. Plasmid vectors to
be used are not particularly limited as long as they are
suited for purpose.

In the present invention, the second recombinant

~ vector 1s then transfected to antmal culture cells previ-
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ously infected with a vaccinia virus to cause homolo-
gous recombination between the vector DNA and virus
genome DNA, whereby a recombinant vaccinia virus is
constructed. . |

The animal culture cell as used herein may be any cell
insofar as a vaccinia virus can grow there. Specific
examples include TK — 143 (derived from human osteo-
sarcoma), FL. (derived from human amnion), Hela (de-
rived from carcinoma of human uterine cervix), KB
(derived from carcinoma of human rhinopharynx),
CV-1 (derived from monkey kidney), BSC-1 (derived
from monkey kidney), RK 13 (derived from rabbit kid-
ney), L.929 (derived from mouse connective tissue), CE
(chicken embryo) cell, CEF (chicken embryo fibro-
blast), etc. |

The construction of the recombinant vaccinia virus
may be carried out in a conventional manner. Accord-
ing to, for example, DNA Cloning, Volume 1I, A Prac-
tical Approach, pp. 191-211, edited by D. M. Glover
(IRL Press, Oxford, Wash.), the second recombinant
vector treated by the calcium phosphate co-precipita-
tion method is transfected into RK 13 cells infected with
a vaccinia virus; TK negative cells cultured on Eagle's
MEM are infected with a mass of viruses containing the
obtained recombinant virus; plaques grown in the pres-
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ence of BUdR are selected as candidate strains for a
recombinant virus. As a method for selecting a virus
having inserted therein a DNA fragment coding for
E-protein of Japanese encephalitis virus from these
candidate strains, plaques are purified by hybridization
using the DNA as a probe. Alternatively, immunoassay
using anti-serum or monoclonal antibody may be uti-
lized. .
According to the present invention, there is thus
obtained the recombinant vaccinia virus usable as live
vaccine in which the cDNA coding for E-protein de-
rived from Japanese encephalitis virus is inserted into
the genome region non-essential to growth of a vaccinia
‘virus, together with the DNA having a promoter func-
tion, in a form capable of expression.

EXAMPLES

The present invention will be described in more detail
with reference to the examples below.

EXAMPLE 1

(1) Extraction of RNA genome from Japanese
encephalitis virus

Mosquito-derived established cell C6/36 (J. Gen.
Virol,, 40, 531-544 (1978)) was infected with Japanese
encephalitis virus Sagayama strain. After growing the
virus, the culture supernatant was mixed with polyeth-
ylene glycol. The mixture was centrifuged to purify
Japanese encephalitis virus. After extraction from the
purified virus with phenol, ethanol was added to the

extract to cause precipitation, whereby virus genome
RNA (about 11 Kbp) was isolated.

(2) Cloning of Japanese encephalitis virus CDNA (cf.
FIG. 1)

Using poly(A) polymerase (Takara Shuzo Co., Ltd.),
poly(A) was added to the virus genome RNA prepared
in (1). Using the same as a template, 4 kinds (A, G, C, T)
of deoxyribonucleoside triphosphates and reverse tran-
scriptase were acted using oligo dT as a primer to syn-
thesize first strand cDNA. Next, double stranded
cDNA was constructed using E. coli RNase H and 4
kinds (A, G, C, T) of deoxyribonucleoside triphos-
phates and E. coli DNA polymerase (Molecular Clon-
ing [Cold Spring Harbor Lab., (1982)], p. 211-246) and,
dC chain was added using terminal transferase. On the
other hand, after digesting plasmid pUC 9 (manufac-
tured by Pharmacia) with restriction enzyme Pst I; dG
chain was added to the digestion product by terminal
transferase. The dG chain-added product was mixed
with' the cDNA described above. The mixture was
subjected to ligation to cyclize. This recombinant plas-
mid was introduced into E. coli HB 101 competent cell
to obtain a transformant. A plasmid was taken out from
the transformant and length of insert cDNA was com-
pared on agarose gel. With respect to the longest insert
cDNA, a sequence at the 5'-side was analyzed (Gene,
19, 269 (1982)). Based on the results of sequential analy-
sis, cDNA was again constructed by the method de-
scribed above using 20-mer synthetic oligonucleotide
(5-dAATTCCGTACCATGCAGTCCA-3') as a primer
and virus genome RNA as a template. The cDNA was
ligated with plasmid pUC 9 to obtain a number of trans-
formants. From the obtained transformants, a transfor-
mant containing a recombinant plasmid bearing cDNA
coding for the objective surface antigen protein was
selected by a method described below.
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With respect to a method for constructing cDNA
clone of Japanese encephalitis virus, an example of con-
structing cDNA clone using Japanese encephalitis virus
JaOATrS 982 strain in a similar manner is described in

Gene, 48, 195-201 (1986).

(3) Screening of recombinant plasmid pJE 4118
containing cDNA (4118) coding for surface antigen

protein of Japanese encephalitis virus (cf. FIGS. 1 and

The transformants obtained in (2) were replicated
onto a nitrocellulose filter. After gently washing the
replicated filter with 0.29% NP-40 (surfactant, Nakarai
Kagaku), the filter was subjected to immunoscreening
using anti-JE serum. One transformant capable of posi-
tively reacting was obtained, while the reactivity was
weak. A plasmid possessed by the strain was named pJE
4118. Then, plasmid pJE 4118 was prepared in a con-
ventional manner (Molecular Cloning, 75-95, {supra)) -
and cDNA 1nserted into plasmid pUC 9 was excised
with restriction enzyme Pst I. Using this cDNA as a
DNA probe, the various transformants obtained in (2)
were subjected to screening by the colony hybridization
method (Molecular Cloning, 382-387 [supra]). A plas-
mid bearing cDNA overlapping with the insert cDNA
(4118) of pJE 4118 was selected. The thus seleced
cDNA(2-20) was recovered from plasmid and its posi-
tional relationship was determined by restriction en-
zymes (cf. FIG. 2). It was thus made clear that cDNA
(2-20) partially overlapped with the N-end of Japanese
encephalitis virus (4118).

(4) Analysis of a base sequence of cDNA coding for
surface antigen protein (cf. FIG. 3)

Recombinant plasmids pJE 4118 and pJE 2-20 were
cleaved with restriction enzyme Pst I to give DNA
fragments of about 2.5 Kbp and about 1.0 Kbp, respec-
tively. With respect to these fragments, their sequences
were analyzed by the method of Messing et al. using M
13 phage (Gene, 19, 269 (1982), Science, 241, 1205
(1981), from the 5-end in the case of cDNA (4118) and
from the 3'-end in the case of cDNA (2-20).

As a result, 1t has been noted that a cDNA sequence
at portions where both were overlapping was 334 bases
from the third codon of the 5th amino acid to the 116th
amino acid in FIG. 3. Based on comparison of an amino
acid sequence expected from this base sequence with an

"amino acid sequence of E-protein of yellow fever virus

(akin to and belonging to the same genus as in Japanese
encephalitis virus) already known (Science, 229,

726-733 (1985)), it has been deduced that E-protein of

Japanese encephalitis virus is amino acids from + 1st to
the 500th shown in FIG. 3.

Likewise, it has been deduced that M-protein of Japa-
nese encepalitis virus is amino acids from the — 75th to
the —Ist and, PreM-protein is amino acids from the
—167th to the —76th as shown in FIG. 3. Furthermore,
it has been deduced that the 5'-end of PreM-protein

codes for a part of C-protein of Japanese encephalitis
VITus. |

(5) Construction of cDNA coding for Japanese
encephalitis virus constituent protein (cf. FIGS. 2 and
3)

cDNA (4118) is deleted of 5 amino acids at the N-end
of E-protein. Thus, splicing was made at the Aat II site

using cDNA (2-20) to obtain cDNA (203) fully cover-
ing E-protein.
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(a) A fragment of about 1.6 Kbp obtained by prepar-
ing Hpa II-Hpa I fragment (about 810 bp) and Hpa
I-Bg§ 11 fragment (about 800 bp) from cDNA fragment
(J7): cDNA (203) and ligating them. This fragment

scarcely contains a region encoding M-protein present

at the upstream of a region coding for E-protein. NS1 in
FIG. 2 means a region coding for non-constituent pro-
tein.

(b) A fragment of about 2.1 Kbp obtained by treating
cDNA fragment (J4): cDNA (203) with Xho II and Bg$

I1. This fragment contains a region encoding M-protem,

in addition to a region coding for E-protein.

(c) A fragment of about 2.4 Kbp obtained by treating
cDNA fragment (J6): cDNA (203) with Hae II. This
fragment contains E-protein, M-protein, PreM-protein
and a part of C-protein.

(6) Construction of a first recombinant vector pAK 8
containing vaccinia virus TK gene having inserted

therein polylinker and vaccinia virus 7.5K promoter (cf.
| FIG. 4)

After digesting pUC 9 with EcoR I and Pst I, the
digestion product was treated with polymerase, where
the cleaved end was blunted and higated to construct
pUC 9 deleted of EcoR I site. After cleaving this EcoR
I site-deleted pUC 9 with Hind I1I, the cleaved product
was ligated with Hind III J fragment of vaccinia virus

5
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Wr strain to obtain recombinant vector pUHK. Then, -

after 7.5K promoter of vaccinia virus Wr strain (Moss et
al., Cell, 125, 805-813, 1981) was inserted into Hinc II
site of pUC 19 (manufactured by Pharmacia), cleavage
was preformed in sequence with Hind III and EcoR I to
give a DNA fragment (about 350 bp) having a poly-
linker before and after the 7.5K promoter.

After the DNA fragment (cf. FIG. 4) and the EcoR
I digestion product of plasmid pUHK described above
were treated with polymerase, ligation was performed.
The obtained recombinant plasmid was named
pNZ68K2.

Then, a synthetic linker having BamH 1 site at both
ends thereof which had a translation initiation codon, a
translation termination codon and a restriction enzyme
cleavage sequence (Bg§ II, Nco I) between both was

30

35

synthesized (cf. FIG. 4) and inserted into BamH I site of 45

pNZ68K2 to construct the objective first recombmant
plasmid pAKS.

(7) Construction of a second recombinant plasmid
having inserted DNA coding for surface antigen
protein of Japanese encephalitis virus at the
downstream of 7.5K promoter (cf. FIG. 4)

(a) Construction of a second recombinant plasmid
(pAKJ7) having inserted cDNA (J7) therein

After treating cDNA (J7) obtained in (5) with nucle-
ase S1, the product was ligated with cleaved plasmid
obtained by digesting plasmid pAKS8 obtained in (6)
with Nco I and then treating with polymerase. Thus
recombinant plasmid pAKJ7 having inserted cDNA
(J7) at the downstream of 7.5K promoter and between
the translation initiation codon and the translation ter-
mination codon was obtained.

This plasmid is selected as forming about 0.4 Kbp
DNA fragment when cleaved with restriction enzyme
Nco 1. For information, in the case of a recombinant
plasmid having inserted cDNA (J7) in the reversed
direction, a DNA fragment of about 1.2 Kbp is formed.

50
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(b) Construction of a second recombinant plasmid
(pAKJ4) having inserted cDNA (J4) therein

cDNA (J4) obtained in (5) was ligated with the diges-
tion product of plasmid pAK8 obtained in (6) with Bg$§
II to obtain recombinant plasmid pAKJ4 having 1n-
serted cDNA (J4) at the downstream of 7.5K promoter
and between the translation initiation codon and the
translation termination codon. .

This plasmid was selected as forming about 0.74 Kbp
DNA fragment when cleaved with restriction enzyme

Nco L.

(c) Construction of a second recombinant plasmid
(pAKJ6) having inserted cDNA (J6) therein

After treating cDNA (J6) obtained in (5) with poly-
merase, the product was ligated with the digestion
product of plasmid pAKS8 obtained in (6) with Bal I to
obtain recombinant plasmid pAKJ6é having inserted
cDNA (J6) at the downstream of 7.5K promoter and
between the translation initiation codon and the transia-
tion termination codon.

This plasmid was selected as forming about 0.4 Kbp
DNA fragment and about 0.7 Kbp DNA fragment
when cleaved with restriction enzyme Nco I.

(8) Preparation of a recombinant vaccinia virus

Attenuated smallpox virus strain (attenuated small-
pox virus LA strain described in Japanese Patent Appli-
cation KOKAI (Laid-Open) No. 44178/87, a shut-off
temperature in rabbit kidney cells of 41° C., a pock size
on the chorioallantoic membrane of an embryonated
egg of 2-3 mm) cultured in a culture bottle of 25 cm?
was inoculated in 0.1 pfu/cell. Forty-five minutes after,
10 ng each of various recombinant plasmids obtained in
(7) (pAKJ7, pAKJ4, pAKJ6) was dissolved in 2.2 ml of
sterilized water and, DNA-calcium phosphate co-
precipitates were prepared by the method of Hidaka et
al. (Protein, Nucleic Acid and Enzyme, 27, 340, 1985).
Then, 0.5 ml of the co-precipitates was dropwise added

~onto the infected RK-13 cells. After settling in a 7%

COzincubator at 37° C. for 30 minutes, 4.5 m] of Eagle’s
MEM containing 5% bovine fetal serum was added
thereto. Three hours after the addition, the culture solu-
tion was exchanged followed by culturing at 37° C. in
7% CO3 incubator for 48 hours. The system including
the culture cells was frozen and melted 3 times.

For selection of a recombinant, the virus solution
described above was inoculated on TK~143 cells cul-
tured in a Petri dish of 10 cm. Thirty minutes after,
Eagle’s MEM supplemented with 1% agarose, 5% bo-
vine fetal serum and 25 ug/ml BUdR was overlaid
thereon in layers. After culturing for 3 days, the in-
fected cells were stained with 0.01% neutral red. From
the formed plaque, virus was withdrawn with a Pasteur
pipette and suspended in PBS containing 2% gelatin. In
order to perform dot hybridization, a part of the suspen-
sion was spotted onto nylon or nitrocellulose membrane
and the balance was stored at —20° C. After repeating
a treatment with 0.5N NaOH for 10 minutes and with
IM Tris-hydrochloride buffer for 5 minutes 3 times, the

~ spotted membrane was treated with 1.5M NaCl and

65

0.5M Tris-hydrochloride buffer for 5 minutes. Satura-
tion was effected with 2-fold SSC (1-fold SSC, 0.15M
NaCl, 0.015M sodium citrate) and sintered at 80° C. for
2 hours. The system was treated with 4-fold SET (0.6M
NaCl, 0.08M Tris HCI], 4 mM EDTA (pH 7.8))-10-fold
Denhardt-0.1% SDS at 68° C. for 2 hours. 4-Fold SET-
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10-fold Denhardt-0.1% SDS-0.1% NasP>07-50 ug/ml-
modified salmon sperm DNA and Japanese encephalitis
virus E-protein cDNA labeled with 32P were hybrid-
ized by nick translation at 68° C. for 14 hours. After
washing, the membrane was put on an X ray film,
which was subjected to autoradiography and a black-
ened spot on the film was selected. The virus solution
corresponding to the blackened spot was again inocu-
lated on TK—143 cells. Thirty minutes after, Eagle’s
MEM supplemented with 1% agarose, 5% bovine fetal
serum and 25 pg/ml Bud R was overlaid thereon in
layers. After culturing for 3 days, the infected cells
were stained with 0.01% neutral red. With respect to
the formed plaque, procedures were performed in a
- manner similar to the above. The purification proce-
dures were repeated until the appearing plaques were
all blackened by dot hybridization. The thus obtained

viruses were objective recombinant vaccinia viruses,
which were named LAJ7, LAJ4 and LAJ6, respec-
tively, corresponding to the recombinant plasmids used.

(9) Expression of recombinant vaccinia virus in infected
: cells

(a) Determination by anti-V3 antibody

The recombinant virus strain of the present invention
showing m.o.1 of 1.0 or 0.1 were inoculated on RK 13
cells cultured in a chamber slide for tissue culture. After
1nfecting at 37° C. for an hour, the virus solution was
withdrawn and the cells were washed with MEM. Then
Eagle’s MEM containing 5% bovine fetal serum was
added thereto. Sixteen minutes after, Eagle’s MEM was
withdrawn and gently washed PBS (phosphate buffered
saline) followed by air drying. The cells were treated
with acetone at room temperature for 5 minutes to im-
mobilize the cells. Examination was made by indirect
fluorescent antibody technique using as a primary anti-
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body anti-V3 antibody and as a secondary antibody

fluorescein isocyanate-bound anti-rabbit IgG antibody.
As a result, it was confirmed that the 3 recombinant
vaccinia viruses had Japanese encephalitis virus E-
protein productivity. A method for preparing anti-V3
antibody is as follows.

Japanese encephalitis virus was decomposed in PBS
containing 1% SDS and 0.1% 2-mercaptoethanol. E-
protein was isolated by 10% polyacrylamide gel elec-
trophoresis. The gel was excised to recover E-protein.
The thus obtained E-protein was inoculated in rabbit to
recover anti-V3 antibody. The thus obtained anti-V3
antibody recognizes and reacts with modified E-
protein, namely, a primary structure of protein.

(b) Determination by anti-JEV antibody

A positive or negative production of E-protein hav-
ing a biological activity was examined in a manner simi-
lar to the above except for using anti-JEV antibody
(anti-serum prepared by inoculating Japanese encepha-
litis virus itself) as a primary antibody. | |

This anti-JEV antibody was prepared based on Japa-
nese encephalitis virus having biological activities so
that protein capable of reacting with anti-JEV antibody
1s present on the surface of Japanese encephalitis virus.
It 1s assumed that anti-JEV antibody would have activi-
ties similar to protein having biological activities.

The results are summarized in Table 2. From the
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results, it is shown that any recombinant virus produces 65
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E-protein; especially E-protein LAJ6 produced had
biological activities similar to those of E-protein present
on the surface of Japanese encephalitis virus.

TABLE 2
Primary Antibody

Vaccinia Virus Anti-V3 Anti-JEV Anti-vaccinia
Strain Antibody Antibody Antibody
LA (parent strain) — — + + +
LAJ7 + + — + 4+ +
LAJ4 ++ + ++ +
LAJ6 + + + + + + + -+

— not responsive

=+ impossible to determine

+ weak response

4+ - Strong response

+ + + extremely strong response

What is claimed is: | |

1. A recombinant vaccinia virus having inserted
cDNA coding for a surface antigen protein of Japanese
encephalitis virus containing a ¢cDNA coding for a
whole or substantially all of prematrix protein of Japa-
nese encephalitis virus, a cDNA containing a whole or
substantially all of cDNA coding for matrix protein of
Japanese encephalitis virus and a cDNA containing the
whole or a substantially all of E-protein of Japanese
encephalitis virus in sequence, respectively, into a ge-
nome region non-essential to growth of a vaccinia virus,
wherein sald cDNA coding for said surface antigen is of
sufficient length to code for a protein having improved
antigenic properties as compared with said E-protein.

2. A recombinant vaccinia virus as claimed in claim 1,
wherein said CDNA 1s under control of a promoter.

3. A recombinant vaccinia virus as claimed in claim 1
or 2, wherein said cDNA incorporated is inserted be-
tween a synthesized translation initiation codon and
translation termination codon.

4. A recombinant vaccinia virus as claimed in claim 1
or 2, wherein saild cDNA coding for surface antigen
protein of Japanese encephalitis virus encodes an amino
acid sequence of FIG. 3 or polypeptide having substan-
tially the same function as the amino acid sequence.

5. A recombinant vaccinia virus as claimed in claim 1,
which contains the whole cDNA coding for matrix
protein of Japanese encephalitis virus.

6. A recombinant vaccinia virus having inserted
therein a whole or substantially all of cDNA coding for
prematrix protein of Japanese encephalitis virus, a
whole or substantially all of cDNA coding for matrix
protein of Japanese encephalitis virus and a whole or
substantially all of cDNA coding for E-protein of Japa-
nese encephalitis virus in sequence, respectively, into a
genome region non-essential to growth of a vaccinia
virus wherein said cDNAs are inserted between a syn-
thesized translation initiation codon and a translation
termination codon and wherein said cDNA is under
contro! of a promoter. .

7. A recombinant vaccinia virus as claimed in claim 6,
containing a whole or substantially all of the cDNA
sequence set forth in FIG. 3 beginning at position — 167
and continuing to position -+ 500.

8. A recombinant vaccinia virus as claimed in claim 7,
which further comprises a part of the cDNA coding for
C-Protein of Japanese encephalitis virus at the 5’ end of

sald cDNA sequence.
x x L * %
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